Armeniaspirol Antibiotic Biosynthesis: Chlorination and Oxidative Dechlorination Steps Affording Spiro[4.4]non-8-ene.
Armeniaspirols are potent antibiotics containing an unusual spiro[4.4]non-8-ene moiety. Herein, we describe the cloning and functional analysis of the armeniaspirol biosynthetic gene cluster. Gene-inactivation studies and subsequent isolation of previously unknown biosynthetic intermediates shed light on intriguing biosynthetic details. Remarkably, deletion of ams15, which encodes a protein bearing a flavin-binding domain, led to the accumulation of several non-spiro intermediates with various numbers of chlorine substitutions on the pyrrole moiety. The di- and trichloropyrrole species were converted by Streptomyces albus expressing Ams15 into mono- and dichlorinated spiro derivatives, respectively. In addition, in vitro conversion of these non-spiro intermediates into des-N-methyl spiro intermediates by the cell lysate of the same recombinant strain proved Ams15 to be responsible for spiro formation through oxidative dehalogenation.